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(54) Low power, short range point-to-multipoint communications system 


(57) A point-to-multipoint or two-way communica- 
tions system is provided by a nodal transmitter located 
in a node with a plurality of nodal antennas radiating dif- 
ferent polarization signals about the node. The system 


includes subscriber stations with directional antennas 
adapted to receive signals radiated from the nodal trans- 
mitter. The system may additionally include capability 
for transmitting and radiating subscriber signals to the 
nodal transmitter location for two-way communications. 
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Description 

TECHNICAL FIELD OF THE INVENTION 

This invention relates to point-to-multipoint delivery 
of communication services and more particularly to 
communication systems operating in the millimeter fre- 
quency range. 

BACKGROUND OF THE INVENTION 

Communication systems operating over a wide 
range of frequencies, modulation techniques, multiplex- 
ing techniques, error correction techniques, protocols, 
and network topologies are known in the state-of-the- 
art. Many recent papers have described numerous tech- 
niques for wireless transmission of two-way. switched 
narrowband services (e.g., TDMA time division multiple 
access) cellular. TDMA PCS (personal communication 
system), CDMA PCS (Code Division Multiple Access), 
etc. Many miliary systems such as JTIDS (Joint Tactical 
Information Distribution System), SINCGARS (Single 
Channel Ground and Airborne Radio System), PLRS 
(Position Locating and Report System), and MILSTAR 
(a military satellite communication system) have shown 
that wireless transmission can provide integrated voice 
and data services. It has been proposed that some form 
of television distribution or communication distribution 
systems may be provided by utilizing devices in the mil- 
limeter wave frequency band, which is between 28 GHz 
and 300 GHz using short range cellular transmitters cov- 
ering small areas which are fed. e.g. , by an underground 
cable in a manner similar to cellular radio. This distribu- 
tion may also be made using microwaves converted at 
the local stations to the millimeter waves for local distri- 
bution. The distribution to millimeter wave stations may 
also be done by a fiber optic system or satellite distribu- 
tion system. 

A discussion of millimeter wave stations appears in 
the I EEE Spectrum of June 1 982, pages 54-59. entitled, 
"Low-Power Television-Short Range, Low Cost TV Sta- 
tions are in the Offing as the FCC Prepares to Establish 
Broadcast Requirements." U.S. Patent No. 4,747,160 
entitled. "Low Power Multi-function Cellular Television 
System" of Bossard describes a low power point to 
multipoint cellular television system operating in the 
27.5 to 29.5 GHz frequency band with Omni-directional 
antennas. A 29 GHz point-to-point radio system for local 
distribution is described e.g., the British Telecom Tech- 
nical Journal, vol. 2. no. 1. January 1984, entitled, "29 
GHz - Point-to-Point Radio Systems for Local Distribu- 
tion" by S. A. Mohamed and M. Pilgrim. 

It is highly desirable to provide some means to de- 
liver improved broadband, wireless point-to-multipoint 
distribution service in the millimeter frequency range. 
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SUMMARY OF THE INVENTION 

According to the present invention there is provided 
a communication system comprising, a transceiver lo- 
cated within a nodal area, a plurality of first antennas 
coupled to the transceiver and adapted to radiate a com- 
munication signal into predetermined regions within the 
nodal area, the first antennas being arranged such that 
the polarisation of the communication signal radiated in- 
to adjacent regions of the nodal area are dis-similar: and 
a plurality of subscriber stations each having a second 
antenna polarised to receive the communication signal 
from an associated one of the first antennas. 

In accordance with another embodiment of the 
present invention, a low power, short range, wireless 
point-to-multipoint communication system is provided 
by a nodal transmitter located in a given node. A plurality 
of uni-directiona! transmitting antennas coupled to said 
transmitter are positioned to radiate in different direc- 
tions from the node and about the node, the uni-direc- 
tional antennas being of polarization types such that the 
polarization of the transmitted signal alternates about 
the node A plurality of subscriber stations about the 
node have receiving antennas polarized to receive sig- 
nals from a selected one of the uni-directional antennas. 

DESCFtlPTION OF THE DRAWINGS 

The present invention will now be further described, 
by way of example, with reference to the accompanying 
drawings in which: 

Fig. 1 illustrates the system according to one em- 
bodiment of the present invention: 
Fig. 2 illustrates a nodal broadcast system of Fig. 1 : 
Fig. 3 illustrates an assembly view of a linear array 
according to one embodiment of the present inven- 
tion: 

Fig. 4 illustrates layers of patch antenna array of 
Fig. 3: 

Fig. 5 illustrates a composite sketch of the patch an- 
tenna of Fig. 4; 

Fig. 6 illustrates one panel antenna according to 
one embodiment of the present invention: 
Fig. 7 illustrates a second panel antenna for trans- 
mitting and receiving polarization orthogonal to that 
in Fig. 6; 

Fig. 8 illustrates the polarizers: 
Fig. 9 Illustrates the time multiplexing system ac- 
cording to one embodiment of the present inven- 
tion: 

Fig. 10 illustrates a common amplifier for all ele- 
ments of a linear array: 

Fig. 11 illustrates an amplifier tree feeding the ele- 
ment of an array; 

Fig. 12 illustrates separate antenna for each ele- 
ment: 

Fig. 13 illustrates multiplexing DC-1 signals: and 
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Fig. 14 illustrates code division multiplexing. 

DESCRIPTION OF PREFERRED EMBODIMENTS 

Referring to Fig. 1, there is illustrated the distribu- 
tion system network 10. This network 10 comprises a 
plurality of nodes, such as node 11 through 1 3 covering 
a given combined area. For example, this area may cov- 
er a few city blocks only, but with hundreds of such 
nodes the area may comprise an entire large city. A cen- 
tral office 1 5 would be ; for example, the central message 
center or source of programming for distribution to the 
other nodes 11 through 13. Each of the nodes would 
include a nodal broadcast transmitter or transmitter and 
receiver system. This is represented by system 11a. 
12a. and 13a in the center of the nodes 11 through 13. 
The transmission from the central office 15 to the nodal 
broadcast transmitter systems 11 a. 12a. or 13a may be 
done by cabling in or around the city such as fiber optic 
telephone exchange cables represented here as cable 
1 6 between the central office 1 5 and the node transmit- 
ter systems 11 a, 12a. and 13a. This coupling may also 
be done using microwave antennas such as using an- 
tenna 17 from the central office 15 communicating with 
antennas 18 at the center of the nodes at the systems 
11a. 12a. or 13a. This distribution maybe implemented 
in a variety of other configurations well known in the 
state of the art. 

Referring to Fig. 2. there is illustrated a sketch of a 
nodal broadcast transmitter or system 12a. In the case 
of microwave distribution from a central office, there is 
the microwave antenna represented schematically by 
18. The nodal transmitter broadcast systems 11a and 
1 3a are like system 1 2a illustrated in Fig. 2, but with the 
polarizations indicated in the sketches as +45° rotation 
and -45 s (31 5°) rotation of Fig. 1 . (Other orthogonal po- 
larization may be used, e.g., vertical and horizontal po- 
larization). The system 12a includes a post 35 for sup- 
porting a four-quadrant "sectorized~antenna complex 
system represented by 12b. The system 12a includes a 
transmitter and receiver represented schematically by 
21. Signals transmitted from system 12a are coupled 
from transmitter 21 to the nodal transmitter coverage or 
broadcast antenna system 12b comprised of four panel 
array antennas 31 , 32, 33, and 34 via leads 22. The pan- 
el antennas 31 -34 are mounted to post 35 via supports 
22a housing transmission lines 22. Each of these panel 
antennas 31-34 comprises ah array of transmitting an- 
tenna elements and receiving antenna elements as will 
be discussed in more detail later. Polarization of these 
antenna elements 30 for antenna system 12b is such 
that panels 31 and 33 for system 12b transmit 45° slant 
polarized waves (marked +45° in Fig. 1 ), while panels 
32 and 34 for system 1 2b transmit -45° (315°) slant po- 
larized waves (marked -45° slant in Fig. 1). See Fig. 1. 
A more detailed description of these panel antennas fol- 
lows in connection with later figures. 

These panel antennas, for example, produce a 90 


degree beam width so that each of the panel antennas 
31-34 covers approximately 90 degrees beam width and 
the polarization from these panel antennas 31 -34 alter- 
nates from -i-45 a slant polarization to -45° slant (31 5°) 

5 polarization to +45 3 slant polarization and then to -45° 
(315°) polarization about the center of the node on post 
35. This, therefore, provides a 360 degree pattern about 
the center of the node where the node broadcast trans- 
mitter is located. 

io The adjacent nodes 1 1 and 1 3 on either side of node 

12 present orthogonal polarization. For example, the 
panel antennas 31 and 33 in nodes 11 and 13 produce 
-45° (31 5°) polarized signals and the panel antennas 32 
and 34 in nodes 1 1 and 1 3 produce +45° polarized sig- 

is nals. Therefore, at the adjacent sectors of the nodes, 
that is where node 11 is adjacent to node 12. the polar- 
izations are orthogonal, and where node 1 2 meets node 

1 3 the polarization is orthogonal. The node broadcast 
transmitting antennas systems 11b, 12b and 13b trans- 

20 mit and communicate with receiving stations 41 scat- 
tered in the area of the nodes. 

Receiving station 41 may be located anywhere, in 
any of the nodes 11-13 and will receive the signal radi- 
ated from the antenna complex at the center of one of 

25 the nodes from the sectorized antenna system 20. The 
polarization of the receiving station 41 would determine 
which sector it is receiving from. For example, the re- 
ceiving station 41a in Fig. 1 in node 12 would be in the 
+45° slant polarized sector and receive +45° slant po- 

oo larized signals from the panel antenna 33 of system 1 2b. 
Station 41b in node 12 would receive preferably -45° 
(315°) slant polarized signals from the panel antenna 

32 and not +45° polarized signals from panels 31 or 33 
from system 12b or from panel 34 of system 11b. For 

3$ the receiving antenna 41 c, located in the overlapping 
area of the pattern of 32 and 33, it is possible to receive 
both +45° polarized signals from panel antenna 33 and 
-45° (315°) slant polarized signals from panel antenna 
32. However a signal received from the face which is of 

io the wrong polarization from the antenna 41 would be 20 
to 30db lower in power than the other face. For example, 
if the antenna of 41c was -45° (315°) polarized it would 
receive the signal from panel antenna (+45° polarized) 

33 of system 1 2b from 20 to 30 db down from that of the 
45 -45° (315°) polarized signal from antenna 32 of system 

12b. Similarly, stations 41 e and 41 f at the edges of 
nodes 11 and 12 and 12 and 13, respectively, achieve 
similar isolation based on polarization. That is, station 
41 e with a -45° (315°) polarized antenna picks up sig- 

50 nals from panel antenna 32 of system 12b. The signals 
from panel antenna 34 of system 1 1 b are 20 to 30 db 
lower than those from panel antenna 32 of system 1 2b. 

The system is designed such that the signals from 
all four panels 31 -34 are transmitting at the same carrier 

55 frequencies but may contain different information. The 
system is dependent upon space (different coverage ar- 
eas) as well as frequency and polarization diversity. 
The system, as described herein, utilizes a four- 
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quadrant sectorized antenna. However the system 
could be of any even number of sectors such as two. 
four eight, etc. The four-quadrant sectorized antenna 
discussed in Fig. 1 has an azimuth pattern relatively flat 
over a plus and minus 45 degrees from the center (90° 
beam width) which is easy to implement and is, there- 
fore, more easily implemented, for example on a build- 
ing or a tower for mounting panel antennas. An octagon, 
or eight sector, antenna system may be practical in 
some cases, but receivers located along a line drawn to 
the corners will be able to see more than two panels 
and ; hence, see signals having the same polarization. 
Thus, the four sector is the preferred embodiment where 
frequency re-use is required. 

The transmission to and from the central office 15. 
as stated previously, may include a microwave network 
with the microwave dish 1 8 coupled to a transceiver via 
an up/down converter 18a. 

The received signals from the central office 15 are 
upconverted to millimeter waves and sent via the panel 
antennas and the received signals at the panel anten- 
nas are down converted to microwave frequencies and 
sent back to the central office 1 5 via antenna 1 8 or ca- 
bles 16. (Other frequencies, e.g.. millimeter frequency 
may also be used to interconnect the nodes). 

It is highly desired in accordance with the present 
invention that the elevation angle of the node antenna 
beam be in the order of 10 degrees. This is achieved in 
each of the panel antennas by linear arrays of antenna 
elements as shown in Figs. 3-6. Referring to Fig. 3. each 
linear array 30 includes a patch antenna array 8 1 mount- 
ed on conductive housing 83. A back lobe absorber 85 
is placed behind the patch array 81. The millimeter 
waves are coupled by a millimeter waveguide 87 to the 
patch array 81. A probe passes through an insulated 
opening in the waveguide to transition to a microstrip 
line of the patch antenna. 

Referring to Fig. A, there is illustrated the layers of 
the patch antenna array 81. The outboard layer 81a is 
layer 1 comprising 20 conductive radiating patches 86. 
The patches are .007 inch copper and are .1 x . 1 2 inch 
on 0.278 inch centers. Behind layer 81a is layer 81b 
which is .015 inch thick dielectric. Layer 81c is a .007 
inch copper layer with .070 x .006 inch slots 87 on 278 
inch centers with a slot aligned behind each patch. Layer 
81 c is on opposite surface of dielectric layer 81b with 
respect to layer 81a. Layer 81 d is a dielectric layer be- 
tween the slot radiator of layer 81c and the radiators of 
layer 81 e. Layer 81 d is 0. 1 0 inch thick with an aperture 
62 cut out over the slot area. Layer 81 e is a .0007 inch 
copper line with 20 exciter stubs 83 aligned with the slots 
and the patches. The stubs 83 are connected to each 
other via a conductive line 85 with the spacing between 
the stubs controlling the phase (phase shifter) between 
the radiating elements. The one end 89 of the line forms 
the coupling probe for the waveguide. An illustrated 
composite sketch is shown in Fig. 5 with housing. The 
stubs 83 are behind and cross slots 87 and the slots are 


behind the patches 86. This antenna array provides hor- 
izontal linear polarization. For additional information on 
an antenna similar to this, see "A Reciprocity Method of 
Analysis for Printed Slot and Slot Coupled Antennas" by 
5 David Pozer in IEEE Transactions on Antennas and 
Propagation, vol. AP-34. no. 21. The printed circuit an- 
tenna panels 31 and 33 for 12b may each be like that 
shown in Fig. 6 with 1 6 linear arrays 48 for 1 6 transmitter 
carrier channels (chl-chl6 for 27.86 GHz to 28.50 GHz 

io or channel 1-16 for 28.50 GHz to 29.5 GHz). Each panel 
antenna 31-34 covers the frequency band from 27 5 
GHz to 28.5 GHz or 28.5 GHz to 29.5 GHZ. In accord- 
ance with the preferred embodiment with 45° slant po- 
larization, a polarizer layer 88 (shown in outline in Figs. 

J 5 6 and 7) is placed over the 1 6 linear arrays 48 to produce 
+45° slant polarization. The polarizer layer 88 has a ver- 
tical grid on inboard surface and a 45° grid on the out- 
board surface layer as shown in Figs. 8a and 8b. On the 
left most part of the antenna panels are three receiving 

20 linear arrays 45 operating over a frequency band of 27.5 
- 27.64 GHz or 29.38 - 29.5 GHz. There are three dif- 
ferent 40 MHz wide receiving channels in this band. 
These may be used for telephony. The receiving linear 
arrays 45 also have a polarizer layer 91 (see Fig 8c) but 

25 with outboard grid rotated in the 315° direction or -45° 
to rotate the polarization orthogonal. The panels 31 and 
33 at nodal system 12a use the polarizers as shown in 
Fig. 6 and the panels 32 and 34 use the polarizers 88 
and 91 reversed as shown in Fig. 7. The antenna_pattern 

30 may be tailored (shaped) to provide desired radiator pat- 
tern. The same panel antenna could be horizontal and 
vertical dipoles. The patch antennas could provide hor- 
izontal and vertical polarization by not placing polarizer 
layer over the patch antenna for horizontal polarization 

35 and an additional layer over the +45° layer to produce 
vertical polarization. 

In applicant's preferred embodiment herein, the sta- 
tions 41 include transceivers which receive the broad- 
cast RF carrier channels (ch1 -ch1 2 for service provider 

-to 1) and can transmit back to the systems 11a, 12a. or 
13a on the return carrier frequencies 27.5 - 27.62 GHz 
for service provider 1 . The receive array polarization on 
the panels are orthogonally polarized with respect to the 
transmit arrays. In this manner there is spacial, as well 

J5 as polarization and frequency isolation, between the 
transmit and receive antennas on the panels. There 
could also be a linear array of 20 dipoles for each of the 
16 RF transmitter carrier channels and each receiver 
channel. Each linear array for each channel could com- 

50 prise 20 dipoles which are fed by conductive pairs as 
dipoles forming vertical dipole antennas. Adjacent in a 
horizontal plane could be horizontally polarized dipole 
elements. These panels include a reflective surface 37 
behind the dipoles to form a uni-directional antenna that 

55 radiates generally a fairly uniform pattern over a 90 de- 
gree beam width. 

In accordance with the present invention as repre- 
sented by Fig. 9, the channel information from 16 video 
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channels is time multiplexed at multiplexers 6la-61p 
and applied to each RF carrier channel 1 through chan- 
nel 12. Each of these 16 video channels is provided at 
a 3 MBS (megabits per second) rate : so for the 1 6 video 
channel the rate is 48 MBS. These are separately mod- 
ulated using e.g. a QPSK (Quadrature Phase Shift Key- 
ing) modulator (63a-63p) and separately up converted 
at converter (65a-65p) to the millimeter frequency and 
power amplified at separate amplifiers 67a-67p and ap- 
plied to a given linear patch antenna array of the 20 
patches as illustrated in Figs. 3-6. A Forward Error Cor- 
rection (FEC) code is applied by placing an encoder be- 
fore each modulator. In this manner each information 
channel is modulated onto a low frequency RF carrier 
and up converted by upconverter 65 to the final millim- 
eter frequency and amplified by a dedicated power am- 
plifier 67 and applied to the antenna array for that carrier 
channel (1 - 1 2). In this approach, all the amplifiers pow- 
er goes to a narrow, single band carrier. The linearity 
requirements on the amplifier are much reduced since 
it must only meet the linearity requirements of the nar- 
row 60 MHz channel frequency band signal being trans- 
mitted, e.g., the amplifier can be operated in saturation 
for FM or near saturation for Quadrature Phase Shift 
Keying (QPSK). It is extremely important that the power 
amplifier operate in a linear mode to prevent interfer- 
ence between channels caused by intermodulation dis- 
tortion: therefore, this system of multiple low power 
transmitters operating in amplification and modulation 
over very narrow frequency bands and using separate 
antennas and combining the outputs in space accom- 
plish the low intermodulation distortion according to the 
present invention. 

In order to form the narrow vertical antenna pattern, 
it is necessary, that the linear array be phased in a proper 
proportion between each of the 20 radiating patches 30, 
and this is accomplished by phase shifters 73 between 
the amplifiers 67 and the antenna radiators 30 as rep- 
resented in Fig: 9 One amplifier 67 may be used for all 
twenty radiators 30 of a linear array as shown in Figs. 
10 and 12: or two amplifiers as shown in Fig. 11 - one 
for each ten radiators. The amplification preferably is 
done as illustrated in Fig. 12 with amplifiers for each of 
the antenna radiators 30 separately. The amplification 
may also be done by power dividers dividing up the sig- 
nal to amplifiers and then combining the signals. The 
phase shifts can be adjusted by the distance between 
the stubs 83 of Fig. 4. 

Analog modulation techniques pose certain prob- 
lems for Local Multipoint Distribution Services, or 
LMDS. Although FM techniques have been shown to be 
effective in multi-path environments as well as provide 
good video Signal-to-Noise (S/N) when employed for 
LMDS applications, FM is very inefficient in terms of 
spectrum utilization. A single NTSC video channel will 
use 18-30 MHz of spectrum to achieve the desired sig- 
nal to noise improvement. Another advantage of FM is 
the "capture effect", i.e., its ability to suppress other sig- 


nals which are below some threshold level although the 
interference may be on the same frequency. AM is more 
efficient in terms of bandwidth, but requires much higher 
receiver Carrier-to-Noise (C/N) ratios for a given output 
5 signal S/N ratio compared to FM. In addition. AM does 
not offer any capture effect to help discriminate against 
multipath or interference on the same frequency. 

Video compression techniques have been devel- 
oped which can reduce the required bandwidth for any 
10 given video channel. These techniques have been dem- 
onstrated in numerous applications including CATV, vid- 
eo conferencing, HDTV etc. The use of video compres- 
sion in conjunction with certain forms of digital modula- 
tion solve a particular problem when a solid state trans- 
'5 miner is used. In particular, it has been shown that video 
compression can be used to increase channel capacity 
for any transmission system, e.g., CATV. MMDS and 
standard as well as High Definition TV broadcast. The 
use of video compression can also be used to advan- 

20 tage to enable an LMDS Node transmitter to be practi- 
cally implemented with solid state amplifiers as will be 
presently shown. 

If the single-channel-per-carrier architecture de- 
scribed above is implemented while using existing 

2S CATV format signals, i.e., AM-VSB signals and digital 
channels based on 6 MHz channel spacing, i.e., one 
carrier every six MegaHertz, then 130 carriers are re- 
quired per antenna sector for a bandwidth of 780 MHz. 
For a solid state transmitter, this would require 1 30 sep- 

30 arate transmit channels and 130 Power Amplifiers per 
sector. By digitizing the video and using video compres- 
sion techniques, each video channel can be reduced to 
a low bit rate per video channel. Then by multiplexing 
many of these digital bit streams together into a single. 

35 high-speed serial bit stream (e.g., an STS-1 or STS-3) 
the number of RF channels can be reduced. However 
this is a baseband signal which cannot be transmitted 
directly using LMDS. It can, however be used to mod- 
ulate a constant-envelope -carrierto produce a signal 

-to which can be transmitted via LMDS. The advantage of 
this approach is that many video signals can be trans- 
mitted on a single carrier, e.g., 16 video channels can 
be transmitted on a single RF carrier at an information 
rate of 48 MBPS and with a rate 1/2 FEC in a bandwidth 

4 $ of 60 MHz (or less) per RF channel. This is shown in 
Fig. 9. Hence, over 192 such video channels can be 
transmitted within the 780 MHz of bandwidth using only 
12 RF carriers. This is less than 1/10 the number of RF 
channels required using prior art, i.e., AM-VSB and dig- 

so jtal modulation using 6 MHz channels. Hence, video 
compression enables many video channels (a few) to 
be multiplexed onto a single RF carrier (rather than 
many) and still provide more video channels in the same 
bandwidth (i.e., approximately 50 percent more) than 

55 prior art. The pay-off for a solid-state transmitter is both 
obvious and substantial: less than 10 percent of the 
number of RF channels is required for the same number 
of video channels (assuming comparable modulation). 
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Thus, video compression can be used in LMDS appli- 
cations to reduce the number of required RF channels, 
and thus the amount of hardware, while increasing the 
number of video channels. 

Prior art in LMDS designs has used techniques 
which are not compatible with digital Fiber Optic sys- 
tems including but not limited to Synchronous Optical 
Network (SONET), ATM. and Digital Service-level 3 
(DS-3) transmission systems. This application shows 
how a solid state LMDS transmitter can interface to and 
be compatible with the higher speed transmission sys- 
tems (SONET) and advanced switching techniques 
(ATM). While prior art has shown that ATM techniques 
can be used for video service via CATV networks, this 
application discloses how an LMDS system can provide 
video service using ATM technology. Specifically by de- 
multiplexing complex OC-n signals down to OC-1 sig- 
nals and implementing the LMDS system as a group of 
n parallel transmitters, a SONET-compatible LMDS sys- 
tem can be implemented using solid state transmitters. 
Such a system can provide ATM-based video service. 
In other words, as shown in Fig. 10.. the OC-1 signals 
at data rate of 51 .84 MBPS are multiplexed at the central 
office 1 5 and sent via fiber cables 1 6 (Fig. 1 ) to the node 
transmitter/receiver where they are demultiplexed and 
applied to separate RF carrier channels. 

While the down stream digital transmission system 
can implement SONET/ ATM formats relatively easily, 
the return path is much more difficult. Prior-art imple- 
mentation has shown that the return channel can be im- 
plemented as either low-data-rate TDMA circuits, or as 
narrowband FDM circuits. The problem with either of 
these approaches is that they require a large number of 
transmitters and receivers at the node, and neither can 
easily provide bandwidth on demand. This invention 
shows how the number of transmit/receive channels at 
the node can be reduced and how each user can be 
assigned bandwidth on demand. This problem is solved 
by using broadband TDMA techniques in conjunction 
with the number of time slots assigned to a user based 
on demand rather than being pre-assigned. 

A major limitation on the return channel is that the 
receive modem at the node must acquire both carrier 
sync and clock sync for each user's transmission. How- 
ever, the nature of two-way telephony places major con- 
straints on the maximum interval between burst trans- 
missions. Specifically, Plain Old Telephone Service 
(POTS) uses 2-wire analog transmission in the local 
loops. Hence echoes are returned from the far end. The 
time delay is a function of path length and length be- 
tween samples (interval between pulse or frame trans- 
missions in a TDMA system). The maximum time delay 
which can be tolerated before the echo becomes annoy- 
ing is about 1 5 msec. Since any given circuit may involve 
transversal of many different multiplexers as well as 
long paths, the delay in any given multiplexer must be 
held to a minimum. The choice of cell length for ATM 
was set at a maximum of 63 bytes of which 48 are pay- 


load (384 bits) to minimize total path delay and hence 
echo effects. At 51 .84 MBPS. this corresponds to about 
52 microseconds per cell. A maximum of 768 DSO chan- 
nels can be transported by a single OC-1 circuit. The 

5 data rate for a DSO channel is 64 KBPS. A buffer which 
stores data corresponding to 384 periods at 64 KBPS 
would create 6 msec of voice delay. This is excessive, 
and hence a cell is made up of more than one DSO chan- 
nel, e.g.. one byte from 48 channels or one byte from 

'0 each channel of a digroup. This reduces the time delay 
to 0. 1 25 msec for each voice circuit. This assumes that 
48 such DSO circuits are available at a multiplexer: this 
is practical at the node but not at the customer site. 
Transmitting only one byte per frame is also not 

'5 practical. Alternatives include: ( 1 )Transmit a single DSO 
channel over a carrier: (2) Maintain sufficiently accurate 
clock sync so that data can be recovered with minimum 
overhead: (3) Use CDMA in conjunction with TDMA to 
allow for overlapping transmissions: (4) Use segmented 

20 cell transmission with a slotted buffer at the node receiv- 
er to reconstruct the cells. The first solution is not prac- 
tical because of the large number of receivers required: 
the second is not practical because of variations in path 
parameters: the fourth is difficult to implement because 

25 of the switching time associated with turning the trans- 
mitter on and off in such a short time period (less than 
0.1 microseconds) and the set-up time of the AGC on 
the receiver The third approach allows the transmission 
time to be extended without changing the transmission 

30 rate or reducing the efficiency. However, it requires both 
a more complex transmitter and a more complex receiv- 
er. The following description delineates the implemen- 
tation 

Each bit of each byte of each packet (cell) is encod- 
es ed using a suitable code, e.g., a Walsh function having 
order 6 or length 64. There exist 64 such unique orthog- 
onal codes (See Fig. 14). One of these is assigned to 
each of 63 channels. Each channel then transmits either 
code or inverted code (depending on whether the data 
•to bit is 0 or 1 . The period of the code is 64 clock periods. 
Hence, each bit is expanded into 64 code bits or chips. 
Eight consecutive data bits are transmitted in succes- 
sion, resulting in the transmission of 512 code bits in 
succession. In addition, a unique preamble is transmit- 
ted. At the same time 63 other customer units will trans- 
mit one byte of data using orthogonal codes from the 
Walsh function set. Hence, there will be 63 simultane- 
ously transmitted messages having a duration of about 
9.877 microseconds. Each message will be preceded 
50 by a preamble having a duration of approximately 5 mi- 
croseconds. Hence, each packet or burst has a total du- 
ration of approximately 14.877 microseconds. At a data 
rate of 48 MBPS, this permits approximately 400 chan- 
nels to be transmitted. The maximum time between 
55 samples is about 0. 1 6 msec, well within the acceptable 
range. 

The impact on the customer end hardware is the 
need to add a simple encoder to spread the data signal 
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by a factor of 64. The impact on the node receiver is the 
need to provide at least 63 code correlfators for each 
STS-1 receive channel. However, this can be imple- 
mented as a Fast Walsh Transform (FWT) if time is 
aligned accurately enough. 5 

While the preceding discussion related the imple- 
mentation to ATM packets and SONET rates, a similar 
argument can be made for DSO and DS3 formats. 

The approach for the return channel is the preferred 
embodiment. However it is not the only approach. Other io 
approaches include using individual channels for each 
DSO or voice channel, i.e.. the same as analog cellular 
phone service. A second approach is to use PCS format 
(either TDMA or CDMA technology) for the return chan- 
nel. These may be implemented in either of at least two *5 
ways: ( 1 ) Simply co-locate a cellular or PCS base station 
with each node and a cellular or PCS phone at each 
customer site. (2) Use the same format at PCS (e.g.. 
TDMA or CDMA but translated to the LMDS band for 
subsequent distribution to customers. At each customer 20 
site, translate the signal to the PCS band, use a built-in 
PCS handset function to demodulate the databand con- 
nect to wiring. (Or alternately provide a pica-cell radiator 
at the customer location). Approach number two has the 
distinct advantage of not using the PCS band for fixed 25 
telephone service as well as offering additional capacity 
over PCS. 

For two-way service, time division multiplexing or 
code division multiplexing is used to provide Demand 
Assign Multiple Access (DAMA) capability. CDMA re- 30 
duces the peak transmit poser required at the subscriber 
transmitter and hence minimal the necessary transmit- 
receive isolation in the subscriber equipment. 

35 

Claims 

1 . A communications system comprising: 

a plurality of first antennas each adapted to ra- -to 
diate a band of communication signals into pre- 
determined subsectors within the nodal area, 
said first antennas being adapted such that the 
polarization of frequency of the signals radiated 
into said subsectors of the adjacent subsectors -*s 
of the nodal area are different: 
transceiver means for generating a set of car- 
rier frequencies within said band for each of 
said plurality of first antennas, 
means including a time division multiplexer for so 
modulating said carrier frequencies with time 
division multiplex signals to transmit time divi- 
sion multiplex to a sector of the nodal areas: 
and 

a plurality of subscriber stations each having a ss 
second antenna polarized to receive the com- 
munication signals from an associated one of 
the first antennas. 


2. The system according to Claim 1 wherein said 
means for modulating includes a PPSK modulation. 

3. The system of Claim 1 wherein said time division 
multiplexer receives multiple compressed digital 
channel signals and multiplexes them into a single 
bit stream for application to said modulator. 

4. The system of Claim 3 wherein said digital channel 
signals are in ATM packets. 

5. The system of Claim 3 wherein OC-1 signals are 
applied to said means for modulation. 

6. The system of Claim 1 including a central office 
means for demultiplexing Sonet OC-n signals to 
OC-1 signals at said central office and said central 
office multiplexer said OC-1 signals and transmits 
said OC-1 signals to said transceiver, said trans- 
ceiver including a receiver for demultiplexing said 
OC-1 signals and said demultiplexed OC-1 signals 
are modulated on said modulatin means. 

7. A short range, wireless point to multipoint trans- 
mission system for transmitting over a given frquen- 
cy band comprising : 

a plurality of contiguous sub-frequency band 
broadcast transmiters providing transmission 
of signals over said given frequency band with 
each of said broadcast transmitters transmit- 
ting signals at a different contiguous sub-fre- 
quency band : 

a plurality of sub-frequency band antennas at 
one location and each of said sub-frequency 
band antenna coupled to one of said sub-fre- 
quency band transmitters for separately broad- 
casting said signals at said sub-frequency 
bands to thereby .broadcast signals ovecsaid 
given frequency band :and 
a plurality of receiver stations for receiving said 
signals over said given frequency band. 

8. The system of Claim 7 wherein there is a separate 
amplifier for each said sub-frequency band anten- 
na. 

9. The system of Claim 7 wherein each sub-frequency 
band antenna is a linear array. 

10. The system of Claim 9 wherein each linear array is 
a vertical linear array. 

11. The system of Claim 10 wherein there is a phase 
shifter between each radiating element of said lin- 
ear array. 

12. The system of claim 7 wherein each sub-frequency 
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transmitter includes a a modulator and an amplifier. 

13. The system of claim 12 wherein each modulator is 
a QPSK modulator. 

5 

14. The system of claim 7 wherein each sub-frequency 
transmitter includes a time division multiplexer. 

15. The system of claim 7 wherein said time division 
multiplexer receives multiple compressed digital '0 
channels and multiplexes them into a single bit 
stream for application to said modulator. 

16. The system of Claim 15 wherein said digital chan- 
nels transmit ATM packets. is 

1 7. The system of Claim 7 including a polarizer for each 
linear array. 

18. The system of Claim 7 wherein said system is a te- 20 
lephony system and said sub-frequency transmit- 
ters are modulated with telephony. 

19. The system of Claim 7 wherein said system is a vid- 
eo system and said sub-frequency transmitters are 25 
modulated with video information. 

20. The system of Claim 7 wherein said transmitters are 
modulated with data signals. 

30 

21. The system of Claim 7 wherein SONET OC-n sig- 
nals are demultiplexed to DC-1 signals and the OC- 
1 signals are multiplexed at a central office and sent 
to the node which includes a node receiver where 

the OC-1 signals are demultiplexed and applied to 3S 
said sub-frequency transmitters. 


40 
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